Over the last few years, iterative schemes, derived from the rotated finite difference approximation, have been proven to work well in solving standard diffusion equations. However, its application on time fractional diffusion counterpart still needs to be investigated. In this paper, we have formulated new preconditioned fractional rotated finite difference (PFRFD) method for solving 2D time-fractional diffusion equation. Numerical experiments are conducted to examine the effectiveness of the proposed PFRFD method. The computed results indicate that the new scheme achieves the effect of PFRFD for accelerating the convergence speed.
Introduction
In the last decades, differential equations involving fractional derivatives and integrals have been studied by many researchers. Due to their ability to model more adequately some phenomena, fractional partial differential equations (FPDE's) have been used in numerous areas such as viscoelasticity, finance, hydrology and porous media, engineering, control systems, etc. Furthermore, Fractional Partial Differential Equations (FPDEs) can be seen as a generalization of the classical partial differential equations (FPDEs) in the sense that it takes into account the memory and hereditary properties of the physical phenomena [1, 2] . As it was in the classical FPDEs, there is no general method that can be used in solving FPDEs. Numerical solution of FPDEs has received great progress in the recent years [3, 4] . Fast computational methods for solving partial differential equations using finite difference schemes derived from skewed (rotated) difference operators have been extensively investigated over the years. These iterative methods based on the rotated finite difference approximations have been shown to be much faster than the methods based on the standard five-point formula in solving the partial differential equations which is due to the formers' overall lower computational complexities [5] [6] [7] . In Saeed's study [8] , the preconditioned iterative method based on rotated finite difference method for solving fractional elliptic partial differential equations was formulated where the preconditioned scheme was shown to have a better rate of convergence compared to its unpreconditioned counterpart.
This work involves an investigation on the utilization of the new Preconditioned Fractional Rotated Finite Difference (PFRFD) method for solving 2D Time-Fractional Diffusion Equations. The paper is organized in five sections: Section 2 describes the formulation of the Fractional Standard Point Iterative Method for solving 2D Time-Fractional Diffusion Equations. In Section 3, the proposed accelerated version of fractional rotated five point's approximation method will be derived. In Section 4, the numerical results are presented in order to show the efficiency of the new proposed method. Finally, the conclusion is given in Section 5.
Formulation of Fractional Standard Finite Difference Method
We consider the following time fractional diffusion equation ( , , ),
(1) where  is the order of the time fractional derivative in Caputo sense which is defined as the following [9] :.
Suppose that the domains are constant for both x and y , while the grid dimensions in relation to space and time for the positive integers n and 
where
utilization of the standard second order Crank-Nicolson difference scheme with the formula (3) for finite difference discretization of (1) will result in the standard CrankNicolson formula portrayed below 
The proposed Accelerated FRFD Method
The rotated finite difference approximation (achieved through 45 0 degree clockwise rotation of the x-y axis) for equation (1) Usually the resulted system from equation (5) is used to modify the original system into new system that is equivalent in the sense that it has the same solution, but with more favourable spectral properties.
Numerical Results and Discussion
In this section we give numerical results for the proposed method applied to two particular examples. The first problem is as the following [11], Preconditioned FRFD method were deemed efficient through investigations which revealed their superiority in the context of execution time (measured in seconds), number of iterations (Ite) and maximum absolute error (Max) with tolerance 6 10    . The computer processing unit is Intel(R) Core(TM) i5 with memory of 4Gb and the software used to implement and generate the results was Developer C++ Version 4.9.9.2. The attainment of a solution to an additional test problem (2) [12] substantiates the efficiency of these procedures: Tables 1, 2 , 3, and 4 for problems (1) and (2) It can be observed that the proposed PFRFD method requires less time and iteration number when compared to FRFD with the same levels of precision.
Conclusion and Future Work
In this work, we have formulated new preconditioned iterative method based on FRFD method for solving 2D time-fractional diffusion equation. From observation of all experimental results, it can be concluded that the proposed scheme may be a good alternative to solve this type of equations and many other numerical problems. The convergence analysis of the present iterative method regarding solutions for 2D time-fractional diffusion equation is currently under study. Furthermore, the idea of this proposed method can be extended to group iterative solver which will be reported separately in the future. 
